This paper uses data from the National Surveys" data from the Living Standards Measurement Study and the Integrated Surveys on Agriculture for Mali of 2014 to analyze socio-economic, pedological and climate determinants of producers" technical efficiency in Mali. To do so, a stochastic production frontier was estimated for each crop category and the full sample. Globally, the finding is that different stochastic parameters affect significantly the technical efficiency of different crop categories producing plots. On average, we have an efficiency score of 55.00% for the full sample. The cash crop producing plots are technically more efficient than cereal crop producing plots. Regarding the results, the setting up the following measures is highly recommended: provide adequate training methods of new technologies and new agricultural practices for cereal crop producers, crop diversification must be introduced to the production system and the promotion of better irrigation systems.
Introduction
The main cause of food availability of smallholder farmers in developing regions and countries is the production efficiency level. African sub-Saharan countries are the most touched by this phenomenon. In Mali where the most produced and consumed cereals are rice, millet, sorghum, cotton and maize. The respective yields of these cereals are lower than their potential yields (CSA 5 , 2011) . In the period 2001-2010, significant fluctuation of their yields was noted with a significant increasing of cultivated area of the main crops in the period 2009-2015 was also noted (EAC / CPS / SDR, 2014/2015). In Mali, agriculture is practiced under random climatic conditions with significant risks of drought or of flood. It therefore undergoes significant fluctuations related to the poor distribution of rains over time. This is why in the last 20 years, without a very pronounced drought, agricultural production has varied from one to two between the worst and the best. This inter-annual and inter-season variability is one of the main factors of vulnerability of producers (CILSS, 2002) . Malian"s economy is, by its current characteristics, very exposed to climatic risks. In 2010, the agricultural sector accounted for over 80% of the labor force and accounted for 38.5% of Gross Domestic Product (GDP), while the industrial sector accounted for only 16.9% of GDP and the tertiary sector (trade, services ) 37.6% (CSCRP 6 , 2010) .
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The share of the agricultural sector is declining as it accounted for only 30% of GDP in 2012 (INSTAT 7 , 2013) . According to the World Bank in 2014, more than 55.6% of the population lived below the national poverty line and the food insecurity rate was 25% in February 2015 according to ENSAN 8 .
Most of producers in the country are weakly endowed, do not have much agricultural knowledge and have many social and financial constraints. That leads to a low technical efficiency score of producers. Facing all these observations, the Malian authorities have developed some plans to help producers through the adoption of the national policies and strategies. In additional to that, we have the intervention of some local and international NGOs in the agricultural sector through support to small producers. Despite all these efforts, the problem of productivity fluctuation persists and becomes more and more worrying. Producers therefore should adopt some strategies to increase their technical efficiency, such as the choice of crops, the acquisition of modern equipment, the adoption of modern farming practices, and so on. These allow reducing the problem of productivity fluctuation. Determining the socioeconomic, pedological and climatic determinants of the technical efficiency of crop categories producers in Mali will allow them to stabilize the production"s level. This work is therefore a scientific tool of crop choice for producers to increase their technical efficiency score on average for ensuring food security in the country.
The overall objective of this paper is to determine, compare and analyze the technical efficiency scores of producers of different crop categories in Mali. Firstly, crop categories producers" technical efficiency scores will be estimated on average; secondly, a comparison between different crop categories producers" technical efficiency scores on average will be made; finally, a comparative analysis of the different crop categories producers" technical efficiency determinants will be implemented. The rest of the document breaks down as follows: the second part presents the notion of agricultural production linked to the technical efficiency, agricultural technical efficiency in Mali and agricultural production systems in Mali; The Method and tools are exposed in the third part; the fourth part is devoted to the results and discussions; finally, the last part presents the conclusion.
Background and context
This section presents the notion of agricultural production linked to the technical efficiency, agricultural technical efficiency and agricultural production Systems in Mali
Agricultural production and technical efficiency
Two approaches are usually used for the technical efficiency analysis: non-parametric and parametric approaches. The last one is known as the Stochastic Frontier Analysis (SFA) and uses econometric methods and statistical tests to estimate a production function. This approach allows separating the impact share of random phenomena from the inefficiency due to production system (Chemak and Dhehibi, 2010) . The nonparametric approach (Data Envelopment Analysis, determinist) considers that all the deviation of the production frontier is due to the producer"s inefficiency. In additional to that, the use of stochastic frontier method in determining production efficiencies or inefficiencies is encouraged by the modeling ease of farm production variables because of its ability to represent time or production cycles, and that the production function. The exogenous effects influencing technical efficiency are estimated simultaneously (Agbonlahor et al., 2007) . For its advantages, Stochastic Frontier production approach is used in this study to analyze cereal and cash crops production efficiency and their determinants. It was introduced by Aigner, Lovell and Schmidt (1977) and Meesen and Van de Broeck (1977) . This approach is used by several scholars in research field and scientists, particularly in agricultural production. Thus, several authors used stochastic frontier production to estimate farm production efficiency and its determinants. Abdulai (2006) , estimated a stochastic frontier for a sample of 135 vegetable producers in Kumasi, found that inefficiency in the vegetable production system exists and the mean technical efficiency score is 66.67% for the pooled sample. Efficiency score varies across all production units ranging from 12.9% to 95.02%. Chandio et al, (2017) using SFA investigated the Nexus of Agricultural Credit, Farm Size and Technical Efficiency in Sindh, Pakistan. Findings revealed that 97% of rice farmers are technically efficient and credit, farm size, fertilizer, and labor significantly influenced the rice productivity.
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Journal of Agriculture and Environmental Sciences, Vol. 7(2), December 2018 Bozoglu and Ceyhan (2007) found that the average output of vegetable farmers in Samsun (Turkey) could increase by 18% under prevailing technology where technical efficiency ranged from 56 to 95%. Access to education, experience, credit use, participation by women and information score negatively affected technical inefficiency. However, age, family size, off-farm income share and farm size showed a positive relationship with inefficiency. The empirical results of rice production in Cambodia and Thailand showed a relative high technical efficiency of the smallscale farmers but relatively poor scores on systematic input price efficiency. The access to extension services as well as agricultural training on the farm level is found to have a positive effect on the technical efficiency level of the farms. All model specifications further agree on the negative effect on efficiency with respect to the use of insecticides (Ebers et al, 2017) . Hasnain (2015) found that farmers can increase their production by 10.5% through the increasing of labor, seed and irrigation inputs and also by using adequate quantity of fertilizer and pesticide inputs. Indeed, farm size and ploughing cost are found to have an insignificant effect on the technical efficiency of Boro (Bangladesh) rice production in the study area. Technical efficiency of Swaziland maize producers could also be increased by 10% through better use of available resources. It was found to be positively associated with farmers" age, having off-farm income, farmers" experience, intercropping and use of hybrid seeds (Dlamini et al, 2012) .
Studies were devoted on technical efficiency analysis in Africa. Amos et al, (2004) investigated productivity, technical efficiency and cropping patterns in the savanna zone of Nigeria. The main findings showed that the technical efficiency of the sole maize farmers on average was lower (0.53) compared to that of the mixed (yam/maize) cropping farmers (0.72). The efficiency score on average of 0.62 was observed for all farmers. Over 50% of the mixed crop farmers had technical efficiency scores that exceeding 0.70 as compared to 100% sole farmers who had less than 0.60. Study further showed that years of schooling, farming experience and cropping pattern positively affected technical efficiency while increase of age have a negative effect on the technical efficiency. Nuama (2006) found that both crops producers are technically efficient with a technical efficiency score of 0.88 on average for yam producers" across 0.80 for Cassava ones. The main crop producers in the area of study are less intensive in capital. This is due to the using of too many quantities of labor by producers on few area of land. The household size, access to extension services and credit increases the producers" efficiency score. Elsewhere, results from Nuama (2010) , revealed that in the full sample, the main determinant of producers" efficiency are participation to a help group, access to credit, access to land and cash crop planting compared to access to extension service that is not a determinant of rice producers. Ohajianya et al, (2006) indicated that technical inefficiency in food crops production in Imo State, Nigeria ranges of 0.21 to 0.98 with a mean of 0.61. Those results suggest that there are still opportunities for increasing productivity and farm income in Imo State through reduction in technical inefficiency in resource use. Major factors inversely related to technical inefficiency are education, farm size, access to credit, extension contact, farming experience family and labor used, while household size and age were found to be directly related to technical inefficiency.
Agricultural technical efficiency in Mali
Scientific works were done on agricultural production efficiency in Mali. Audibert (1997) investigated the technical efficiency score of paddy farmers in the area of "Office du Niger", Mali. The technical efficiency score for paddy farmers on average are estimated to be between 0.68 and 0.71. About 15% of the farms have a technical efficiency score on average lower than 0.5 and less than 60% have a technical efficiency score higher than 0.7. The main causes of inefficiency are the environment and confirm the benefits of the retail or Arpon plot schemes. Indeed poor irrigation schemes and irregular level of plots have stronger effects than weak access to extension services. Coulibaly et al. (2017) by analyzing rice farmers" technical efficiency in Mali using Cobb Douglas functional form found that the rice cultivation at the Office Niger evolves a non-constant returns to scale framework. The technical efficiency score on average is 0.66, implying that the level of technical efficiency can be improved by 0.34 without additional cost. In additional to that, experience, equipment, being member of a farmer"s organization and land rental are identified as statistically significant determinants of technical efficiency of rice farmers in the area of study. Policies to improve the level of technical efficiency and boost rice production in Mali should be based on these variables.
Agricultural production systems in Mali
The production systems, the characteristics of crops, production equipment, soil qualities, climate, agricultural labor, technologies and the production conditions are the most determinant of crop choice in Mali. Regarding the results of the 2007 RuralStruc survey, in the Macina area (in the "Office du Niger"), the gross agricultural product is almost exclusively based on rice (78%) and shallot (18%).
In Koutiala (the cotton production area), a not inconsiderable part of the gross product is constituted with maize (15%); cotton occupies a still important place (27%) even if the areas cultivated have decreased compared to previous years; the rest is millet (22%) and sorghum (24%) (Traoré et al., 2011) .
Varietal selection of sorghum has resulted in productive varieties, but these are not well adapted to extensive farming systems, that lead to the poor adoption of these varieties by farmers in producers in Mali. The photosensitivity of local varieties is strong, even with photoperiodic differences of a few minutes. Depending on the sowing date, the duration of the cycle varies between 90 and 190 days, a sowing lag of 15 days can (late March, in the off-season) delay the duration of the cycle by several months. In contrast, this characteristic has been eliminated in previous selections, while it gives great flexibility of adaptation (Vaksmann et al., 1996) .
Variety selection criteria are divided into four main groups: environmental adaptation, productivity, quality and maintenance of genetic diversity. The broadening of the genetic base to many local varieties has made it possible to show the contribution of the genes of the local varieties to nearly 70% in the base population. Photoperiodism gives the varieties obtained a great phenological plasticity, the material remains effective regardless of the date of sowing. Natural tillering of local varieties has been preserved, allowing yields to reach 4 t/ha even at low planting densities (Vaksmann et al., 2008) .
Method and Tools
The theoretical, empirical Modeling and Data and variables descriptions are exposed in this section.
The model's Theoretical specification
Production in agriculture is to combine many production factors (e.g., land, seed, labor, and capital) to obtain an output. Agricultural production input may differ in terms of substitutability or quality. For example, a plot might be plowed using an animal traction or a tractor or planted with an improved seed varieties rather than traditional seed varieties for yield"s increases. The most important issue of farmers is how to choose the best technology of inputs combination which can maximize the profit and minimize the cost of those inputs. The producer"s productivity is commonly measured in terms of technical efficiency, i.e., the ratio of output that is produces from a combination of a given set of inputs. The estimation of production functions (or frontiers) which model gives the maximum level of output produced from a specific set of inputs given the technology available to a farmer to determine his technical efficiency level (Coelli et al., 2005 ).
The following model can helps to estimate the technical efficiency level achieved on plot i (or farm). Aigner et al. (1977) and Meeusen and van den Broeck (1977) are the most known authors that used the following log-linear Cobb-Douglas functional form to represent the production function: lny i = X i β exp( v i − u i ) (1) , where y i is log transformed output, X i is a vector of inputs variables log transformed, β is a vector of parameters to be estimated, v i is a symmetric random variable, and u i is a nonnegative random variable. The two terms v i and u i comprise a dual error term in which v i captures statistical noise (e.g., exogenous shocks beyond producers" control and measurement error) and u i reflects technical inefficiency in the gap between the production frontier and producers" efficiency level. Following the model proposed by Caudill et al. (1995) , u i is assumed to be distributed half-normal N + (μ, σ ui 2 ), with its variance a function of exogenous determinants of technical inefficiency, σ ui = exp(Z i δ), where Z i is a vector of exogenous determinants of technical inefficiency for i th farm and δ is a vector of unknown parameters to be estimated. Based on this model, it is possible to predict ui and calculate technical efficiency as: TE i = exp −u i 2 (Jondrow et al., 1982) . With Maximum likelihood estimation, it is possible to estimate both production frontier and technical inefficiency components.
The model's empirical specification
Cobb-Douglas or transcendental logarithmic (translog) function are the most known functional forms used to estimate the production function or frontier. This specification allows simplifying the functional form and facilitates the interpretation of the parameters. But the Cobb-Douglas functional form is less flexible than the translog one because it imposes some restriction like unitary elasticity of substitution (It supposed perfectly complementary between production factors) or with translog functional form, that can be avoided. In this study, the statistical test chows that the best functional form for this data is the translog specification (see Table2) .
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The following Cobb-Douglas and translog production functions for a single output, K = 4 inputs are implemented for both crop categories and the full sample: where y i and x ki represent the log transformed total value of output and the k th production input (land, purchased seed, labor and other variable inputs) for the i th plot, respectively; v i ∼ N(0, σ v 2 ), ui ∼ N + (μ, σ ui 2 ), and σ ui = exp(Z′ i δ). Z i is a vector of exogenous determinants of technical efficiency for the i th plot that includes household structure, access to credit, and household migration rate. In addition, it contains several other relevant individual, household, and plot-size control variables, as well as regional fixed-effects. Those indicators are included to account for any unobservable characteristics not captured by the other indicators in the model (e.g., infrastructures, market access, and climate indicators). This will allow the estimation of the technical efficiency score of producers in southern Mali for each category of crops and find their endogenous and exogenous determinants (age, educational level, child ratio, gender, access to extension services, household size, remittance, access to credit, access to subsidies, access to technologies, income share from off farm activities, crop association practice, rainfall, temperature, soil characteristics, soil reliefs and regional variable). Thus a comparative analysis across crop categories will be implemented.
Data and variables
The analysis uses a national Surveys" data from the Living Standards Measurement Study and the Integrated Surveys on Agriculture (LSMS-ISA) for Mali of 2014 founded by the World Bank Group. The Survey were conducted by the Planning and Statistics Unit of the Ministry of Rural Development under the guidance of the Group World Bank team, this data set is a national representative one that covers all the regions in the country (excluding Kidal region). An advantage of this data set is that it is collected at the plot level allowing then to identify the plot manager"s (decision maker). The plot manager decides what to be done on the plot regarding inputs uses, crop choices, equipment choices and the income management within the household.
The data was collected from five regions of Mali, including the capital city (Bamako). Regarding the objectives of the study, only agricultural households that cultivated plots during the rainy season in 2014 were considered in the analysis. Starting with 3,992 households in both waves in the LSMS-ISA, 1,336 households with 5,099 plots were analyzed in this study. The data set includes only plots over or equal to 100 m 2 with those where information on the plot manager"s age and level of education. About 2,656 households were then dropped from the data set in which 1,748 were non-agricultural households (about 44%), the other 20% households that were dropped contain either no harvest information, unexploited plots, contain non-logical information, do not grow main crops (millet, sorghum, rice, maize, fonio, beans, groundnut, bambara-nut or sesame) or belong to non including regions.
However, some special cases were corrected with standard statistical approaches. On about 24% of the 5,099 plots, producers grow cash crops. This cleaned data covers Kayes, Koulikoro, Sikasso, Segou and Mopti regions. In Table 1 , we have a full descriptions and the summary of all variables used on average by category of crop and in the full sample. Source: Author"s calculations based on 2014 LSMS-ISA data for Mali. Notes: *, **, and *** correspond to significances of 10%, 5%, and 1% respectively.
The harvest value in this study is the proxy of the productivity 9 (in FCFA 10 ). It is calculated by summing up the values of all crops harvested on the plot in CFA. On average, value of harvest for the full sample is 193,535.50 FCFA. On average, cash crops producing plot have less agricultural income than cereal crops producing plots in the area of study with a difference of 98230.50 FCFA (significant at 1%). Cash crops producing plots are less big than cereal producing plots, use less labor than them, have more other inputs value than them and have younger manager compared to them. That can explain the difference in harvest value across crop categories. But cash crops producing plots have more purchased seed than cereal producing plots. More cash crops producing plots managers attained a certain educational level than cereal producing plots. Their managers have more access to credit, subsidies and red soils. But they practice less crop association, produce under smaller temperature and have access to more clay soils than cereal producing plots.
Results and discussions
Here, a translog model is estimated for each crop category in the study to estimate their efficiency scores and analyzes its relationship with socio-economic, pedological and climate determinants. That allows a comparative analysis between crop categories. Table 2 shows the statistical tests that allow finding the best functional form for the data"s structure. In Table 3 , we have the estimated coefficients of production function for both crop categories produced on plots models. The last table shows the estimated coefficients of technical inefficiency factors for both crop categories produced on plots. Notes: *, **, and *** correspond to significances of 10%, 5%, and 1% respectively.
The null hypothesis of Cobb-Douglas production function for each crop categories produced plots and the full sample is rejected at the 1% significance level. That conducts to the estimation of a translog functional form for all the models. Source: Author"s calculations based on 2014 LSMS-ISA data for Mali. Notes: *, **, and *** correspond to significances of 10%, 5%, and 1% respectively. Subscripts 1, 2, 3 and 4, refer to plot area, purchased seed, labor used and other inputs value, respectively For all crop categories, we have an efficiency score of 55.00% and decreasing return to scale for a full sample which is not fare from other empirical studies of agricultural production in Mali and Africa (Coulibaly et al., 2017; Audibert, 1997; Ohajianya et al., 2006; Nuama, 2010; Nuama, 2016 and Amos et al., 2004) . All the input variables have a positive effect on the productivity apart from labor used. Increasing the area of plot with the labor used quantity at the same time will have a negative and significant effect on the productivity. Increasing the purchased seed with labor used at the same time will have a positive and significant effect on the productivity. And increasing the labor used with other inputs value at the same time will have a positive and significant effect on the productivity. Child dependency ratio, household size, income share from off farm activities, crop association practice and rainfall quantity have a positive and significant effect on producers technical efficiency but Growing cash crops and increasing in temperature have a negative and significant effect. A deepening analysis of these results show a big difference in efficiency score on average between crop categories produced plots (99.7% for cash crop plots against 48.5% for cereal crop plots). An increasing return to scale for cash crop plots against decreasing return to scale for cereal crops plots with a significance rate of 1% for all input variables is also noted.
All the input variables have a positive effect on the productivity of both crop categories producing plots. The purchased seed at a certain quantity will significantly (1% significance level) have a positive effect on the production of cash crop plots but the quantity labor will significantly (1% significance level) have a negative effect on the production for both crop categories plot. Increasing the area of plot and the quantity of labor at the same time will have a negative effect (1% significance level) on the production for cereal producing plots. The increasing the area of plot and other production input will have a positive effect on cash crop producing plots (5% significance level) but a negative (10% significance level) on cereal crop producing plots. Access to subsidies, quantity of rainfall, quantity of temperature, producing on soil clay, producing on slight steep, producing on very steep and living in Sikasso region have a positive effect on cash crop producing plots" technical efficiency (based on 1 to 5% significance level). Access to credit and crop association practice have a negative effect on cash crop producing plots" technical efficiency. Having a certain educational level, child dependency ratio, remittance and temperature have a positive effect on cereal crop producing plots" technical efficiency (based on 1 to 10% significance level). The household size, access to technologies, Income share from off farm activities, crop association practice and quantity of rainfall a negative effect on cereal crop producing plots" technical efficiency (based on 1 to 5% significance level). The effects of access to credit can be explained by the low level of access to credit for both crop type producing plots. Elsewhere, producers maybe got credit for reimbursing other credit bank but also facing to other things different from farming activities. Source: Author"s calculations based on 2014 LSMS-ISA data for Mali. Notes: *, **, and *** correspond to significances of 10%, 5%, and 1% respectively.
Conclusion
The global objective of this study is to determine, compare and analyze the technical efficiency scores of producers of cash and cereal crop categories in Mali. Specially it consisted to : determine crop categories producers" technical efficiency scores on average; Compare both crop categories producers" technical efficiency scores on average; and comparatively analyze of both crop categories producers" technical efficiency determinants. That by using data from the National Surveys" data from the Living Standards Measurement Study and the Integrated Surveys on Agriculture (LSMS-ISA) for Mali of 2014 funded by the World Bank Group.
Globally, the finding is that different stochastic parameters (socio-economic, pedologic and climate) affect significantly the technical efficiency of different crop categories producing plots and there is big difference (99.7% for cash crop plots against 48.5% for cereal crop plots) between crop categories producing plots in term of efficiency score on average. The cash crop producing plots are technically more efficient than cereal crop ones. This is mainly due to the fact that the cereal crop producing plots practice extensive production method and those of cash crop practice intensive production one. This is not fare from empirical studies in the same field in Mali and Africa (Coulibaly et al., 2017; Audibert, 1997; Ohajianya et al., 2006; Nuama, 2006; Nuama, 2010 and Amos et al., 2004) . Crop categories have different factors that determine their technical efficiency as stated in the hypothesis. The effects of access to credit can be explained by the low level of access to credit for both crop type producing plots.
Regarding the results, the setting up the following measures is highly recommended to close the gap between producers" efficiency score on average: provide adequate training methods on new technologies and new agricultural practices for cereal crop producers, crop diversification must be introduced to the production system and the promotion of better irrigation systems. Above measures will increase the cereal producers" global technical efficiency score and reduce the efficiency gap across crop categories. This study can give more interesting results if the dynamic of the efficiency score of crop categories are analyzed with a panel specification of the production frontiers.
